Purpose of Review To discuss the potentially significant complications associated with medial patellofemoral ligament (MPFL) reconstruction. Additionally, to review the most current and relevant literature with an emphasis on avoiding these potential complications. Recent Findings Multiple cadaveric studies have characterized the anatomy of the MPFL and the related morphologic abnormalities that contribute to recurrent lateral patellar instability. Such abnormalities include patella alta, excessive tibial tubercle to trochlear grove (TT-TG) distance, trochlear dysplasia, and malalignment. Recent studies have evaluated the clinical outcomes associated with the treatment of concomitant pathology in combination with MPFL reconstruction, which is critical in avoiding recurrent instability and complications. Summary Although there remains a lack of consensus regarding various critical aspects of MPFL reconstruction, certain concepts remain imperative. Our preferred methods and rationales for surgical techniques are described. These include appropriate work up, a combination of procedures to address abnormal morphology, anatomical femoral insertion, safe and secure patellar fixation, appropriate graft length fixation, and thoughtful knee flexion during fixation.
Introduction
Patellar instability is a common orthopedic complaint representing up to 3% of clinical presentations involving the knee [1] [2] [3] . In the absence of intraarticular pathology, patients presenting with first-time dislocations are primarily treated nonoperatively [4] [5] [6] [7] [8] . Recurrent instability ranges from 15 to 71% of patients initially treated nonoperatively and requires operative intervention [1, 7, [9] [10] [11] [12] . The medial patellofemoral ligament (MPFL) is the primary restraint to lateral displacement of the patella from 0°to 30°of knee flexion and is compromised in at least 80% of dislocations [13] [14] [15] [16] . Thus, the treatment of MPFL incompetency is an essential element in the surgical management of recurrent patellar instability. However, there are multiple associated factors to consider and numerous technical aspects that bring challenges to a successful ligamentous reconstruction.
Steensen and colleagues studied the prevalence of associated anatomic factors in patellar dislocations and found statistically significant differences in Insall-Salvati ratio, tibial tubercle to trochlear groove (TT-TG) distance, and rotational alignment when comparing recurrent instability patients to controls, with anomalies most prevalent in the instability group [17] . Such disparities highlight the importance of understanding, identifying, and appropriately treating the anatomic factors that contribute to lateral patellar instability. This concept is particularly valid in cases occurring atraumatically, in which the baseline anatomy is the driving force for instability. In acute traumatic cases, MPFL rupture may exist in the presence of otherwise normal anatomy and be the solitary source of recurrent patellar instability.
Modern MPFL reconstruction is a well-described operative intervention which is successful in the vast majority of chronic patellar instability patients. Excellent functional results have been reported as high as 95%, and numerous studies have documented significant reduction in postoperative redislocation [18, 19] . Despite a high rate of success, the combined complication and failure rate of MPFL reconstruction remains substantial, reportedly 26% in one meta-analysis [20] . Recurrent postoperative instability does occur in a subset of patients. Other complications include anterior knee pain and decreased knee range of motion. Technical errors continue to be a major cause of complications and failures in patellar stabilization procedures. A thorough understanding of the technical aspects of MPFL reconstruction will allow surgeons to avoid complications and maximize clinical outcomes. We discuss the current literature on recurrent patellar instability, outline the evaluation and treatment of instability including associated factors, and describe our preferred operative techniques for MPFL reconstruction.
Associated Anatomic Factors: Diagnosis and Treatment

Patella Alta
The increase in patellar height due to patella alta places the patella superior to the deepest portion of the trochlea. Thus, patella alta contributes to recurrent patellar instability by placing the patella outside of the normal osteoarticular constraints of the trochlear groove. This concept is demonstrated clinically in patients with a positive J sign. On physical exam, a J sign is observed when the patella is displaced laterally out of the trochlear groove as the knee is extended from the flexed position. The patella shifts laterally on the round femoral shaft above the trochlear groove. Trochlear dysplasia can also result in a J sign on exam as the patella encounters the convex superior trochlear or supratrochlear spur in extension. The combination of patella alta plus trochlear dysplasia can result in a pronounced J sign with a dramatic lateral shift of the patella on active knee extension and very symptomatic patella instability.
Steensen et al. reported a 60.0% prevalence of patella alta in patients with recurrent instability compared to 20.8% in patients without [17] . Multiple methods have been described to quantify patella alta and to direct treatment. Widely accepted methods include the Insall-Salvati ratio, Blackburne-Peel ratio, Caton-Deschamps (CDI) index, and Plateau-patella angle [1, 21] . While choosing a single method is recommended to maintain consistency, an awareness and understanding of each of these methods is important as aberrant anatomy may preclude the use of a single modality. We prefer the CDI method as it measures the articulating patellar length rather than including the nonarticular patella nose, obviates the need for a 30°flexion lateral radiograph, and is highly reproducible. A CDI > 1.2 qualifies as patella alta, although the indication for tibial tubercle distalization is less rigid due to potential morbidity associated with the procedure and time for the osteotomy to heal. The combination of a J sign on physical examination and a high CDI classically necessitates a tibial tubercle osteotomy (TTO) with distalization. The tibial cut can be tapered and slid distally over the front of the distal tibia up to about 7 mm for smaller corrections. However, a step-cut TTO is generally needed for CDI > 1.4 and distalization approaching 1 cm or more. These step cuts can take a long time for bony union given the cut is across the tibial cortex. The goal is to achieve a CDI of approximately 1.1 as greater corrections can lead to stiffness or more pronounced changes in the patellofemoral articulation. Appropriate distalization restores the osseous constraints of the patellofemoral articulation by facilitating early patellar engagement.
Another consideration is the patella-trochlear index (PTI), which is the percent overlap of the patella and trochlear articular surfaces in extension on the MRI or CT scan. While this can reflect patella alta, it can also be influenced by a short trochlea. The combination of a PTI < 20% and CDI greater than 1.4 and a J sign on exam indicates clinically important patella alta that we feel should be corrected along with the MPFL reconstruction to ensure success.
Tibial Tubercle-Trochlear Groove Distance
Increased tibial tubercle-trochlear groove (TT-TG) distance is indicative of tibial tubercle (TT) lateralization and an increased Q-angle. Patients with increased TT-TG are susceptible to lateral patellar dislocation as the lateral component of the quadriceps contraction vector increases as the Q-angle increases. Thus, increased TT-TG is fairly common with a prevalence as high as 42.0% in recurrent instability cases [17] . Conventionally, clinical evidences of lateral patella tracking in combination with values of 20 mm and greater have been classified as excessive TT-TG with a recommendation to include an anteromedialization (AMZ) TTO in the treatment of recurrent instability [17, 22, 23] . Several authors have advocated for the use of TT-posterior cruciate ligament (TT-PCL) with a distance > 24 mm as the threshold for distal realignment as TT-PCL relies exclusively on tibial landmarks, eliminating the influence of femoral rotation [24] [25] [26] . Although TT-TG remains the more widely accepted method, there may be considerable benefit to the use of TT-PCL in the setting of Dejour type B, C, or D trochlear dysplasia due to the inherent challenges in identifying an abnormal or absent trochlear groove. The classic description and threshold of TT-TG by Dejour et al. were based on computed tomography (CT) scans. Currently, axial magnetic resonance imaging (MRI) is commonly utilized as the imaging modality of choice as it allows evaluation of the MPFL and other soft tissue anatomy in conjunction with TT-TG. Readers are cautioned as several studies have revealed that MRI-based TT-TG values are up to 4 mm less than CT based measurements [27, 28] .
Moreover, it is important to consider increased TT-TG in the context of physical examination findings of lateral patellar tracking, and lateral translation of the patella on 45 degree flexed axial X-rays, as the TT-TG should not be evaluated as a lone absolute indication.
Anteromedialization TTO is a well-described technique recommended as a first-line treatment in combination with MPFL reconstruction for patients with excessive TT lateralization [29, 30] . Additionally, the anteriorization component has proven to be beneficial in patients with concomitant patellar chondromalacia. The goal of AMZ TTO is to normalize the TT-TG to 10-12 mm and thus prevent overloading the MPFL graft. When indicated, TTO is a critical component in the surgical management of recurrent patellar instability and avoiding failure of an MPFL reconstruction.
TTO performed for the treatment of patellar instability has resulted in less dislocation episodes and good to excellent Lysholm outcome scores in 73% of patients [31, 32] . A recent study reported a reduction in the rate of return to sport (RTS) and a delay in return to high-level competitive sports for TTO patients [32] . We have experienced similar RTS outcomes, however, observed return at 3 months for isolated MPFL reconstruction and 6 months for the combined procedure. Complications associated with TTO include painful hardware most commonly (36.7%), tibial fractures (1.0%), and nonunions (0.8%) with an overall complication rate of 4.6% for patients undergoing concomitant soft tissue stabilization for patellar instability [33] . TTO is a reproducible and often necessary procedure in the treatment of recurrent instability. Due to the proven differences compared to isolated MPFL reconstruction in regard to recovery, RTS, and complications, patient education and expectation management are paramount.
Trochlear Dysplasia
Trochlear dysplasia has been reported as the most prevalent associated anatomic factor in recurrent patellar instability, seen in 68.3% of patients compared to 5.8% of nondislocators [17] . The Dejour trochlear dysplasia classification describes a shallow trochlear with crossing sign as a type A. Type B represents a flat trochlea and a supratrochlear spur. The combination of lateral convexity, medial hypoplasia, and an anterior femoral double contour is designated by type C. Lastly, type D is characterized by a crossing sign, supratrochlear spur, and double contour sign ( Fig. 1 ) [34] . Types B and D are considered the most problematic due to the supratrochlear spur which displaces the patella laterally, preventing distal trochlear groove engagement particularly in higher flexion angles. While types A and C are considered milder forms, such morphology may exhibit synergism with rotational malalignments resulting in recurrent dislocations.
Both true lateral and axial knee radiographs are utilized in evaluating for trochlear dysplasia. Dysplastic changes primarily affect the proximal trochlea resulting in flattening or convexity. Of note, axial views obtained in greater knee flexion angles are often less helpful as the patella is frequently well centered within the trochlear distal groove despite the proximal groove dysplastic changes. Advanced cross sectional diagnostic imaging is recommended to better define trochlear morphology. With CT and/or MRI, the classification and severity of the dysplasia is identified and supratrochlear spur height is determined. A sulcus deepening trochleoplasty can be considered for dysplastic patients with recurrent patellar instability in combination with reconstruction of the MPFL. The presence of a convex proximal trochlea with a supratrochlear spur height greater than or equal to 5 mm, a DeJour type B or D trochlea, and a J sign on physical exam all indicate clinically important dysplasia that may benefit from treatment with deepening trochleoplasty. With appropriate patient selection, trochleoplasty has been shown to decrease patellar instability and normalize patellofemoral biomechanics [35, 36] . Favorable outcomes for the procedure have been observed in patients with supratrochlear spur height of 5-6 mm or greater [37, 38] . Contraindications for trochleoplasty include open physes and patellofemoral arthrosis. Arthrofibrosis and subsequent loss of knee range of motion are the most common associated complications and often require return to the operating room for lysis of adhesions (LOA) and manipulation under anesthesia (MUA) [39, 40] . Arthrofibrosis rates have been reported as high as 46%; however, our unpublished data is consistent with more recent literature reporting a prevalence of 0-20% [38, 41, 42] . We have found that early and aggressive range of motion is a key factor to reduce arthrofibrosis. Other complications include trochlear shingle fracture, particularly in arthritic patients, articular step off, and degenerative joint disease. While some authors have recommended trochleoplasty solely as a salvage due to concerning complication rates, others have reported adequate stabilization and improved function outcomes and offer a much stronger recommendation in the setting of combined MPFL insufficiency and trochlear dysplasia [29, 39, 41, [43] [44] [45] .
Lateral Retinacular Tightness
Lateral retinacular tightness can occur in isolation, producing lateral patellar hypercompression, or in combination with MPFL insufficiency, further contributing to lateral patellar instability. In either scenario, both lateral retinacular release (LRR) and lateral retinacular lengthening (LRL) procedures have been described. In the setting of instability, thorough clinical, radiographic, and intraoperative assessments are critical. On examination, the patellar glide test in full knee extension isolates the soft tissue restraints. Medial patellar glide < 1 quadrant is consistent with lateral tightness. With normal physiologic patellar tilt ranging from 0°to 20°, the inability to evert the patella to neutral is indicative of tight lateral structures. A J sign can be associated with lateral retinacular tightness. Radiographically, a 30°flexed axial (Merchant) view is typically used to evaluate tilt; however, some authors recommend imaging with progressive flexion to evaluate tilt reduction in early knee flexion [46] .
Once the appropriate proximal and/or distal realignment procedures for the treatment of lateral patellar instability have been completed and lateral retinacular tightness has been established, a release or lengthening must be performed in order to restore the neutral position of the patella within the trochlear groove. Neither LRR nor LRL should be performed in isolation for patellar instability as this would further destabilize the patellofemoral joint. Lateral release methods have fallen out of favor due to complications including iatrogenic medial instability [47] [48] [49] . The more commonly used LRL techniques obviate this complication by avoiding excessive release and muscle injury, improving overall soft tissue balance, and are associated with superior functional outcomes and rates of return to athletic activities [46, 50, 51] . We prefer a z-plasty LRL technique with reapproximation of the deep and superficial lateral retinacular layers without tension, allowing the patella to rest in a neutral position (Fig. 2) . A more anatomic patellofemoral articulation likely reduces overload of the MPFL graft in higher (> 90°) knee flexion angles.
Malalignment
The aforementioned TTO, trochleoplasty, and lateral lengthening procedures are among those more commonly performed in combination with MPFL reconstruction. Less frequent abnormal osseous anatomy, often but not exclusively seen in the pediatric population, must not be overlooked. Genu valgum can contribute to lateral patellar instability, particularly in severe cases. Distal femoral opening wedge osteotomy combined with MPFL reconstruction has been shown to decrease recurrence in patients with closed physes [52] . Similarly, hemiepiphysiodesis [6, 53] . Although the parameters for rotational malalignment have not been clearly defined, excessive femoral anteversion in the setting of an incompetent MPFL has been postulated as a contributing factor to recurrent patellar dislocation [17] . Outcome data has been favorable for improved symptomatology without further instability in patients with femoral anteversion greater than 25°undergoing MPFL reconstruction in combination with supracondylar distal femoral derotation osteotomies [54] .
Overall, the appropriate work up of recurrent lateral patellar instability must routinely include a systematic assessment of patella height, TT-TG, trochlear dysplasia, lateral retinacular tightness, patellar chondromalacia, as well as coronal and axial/rotational malalignment. Recurrent instability with clinical apprehension from 0 to 30°of flexion, TT-TG < 20 mm, CDI < 1.2, and the absence of significant trochlear dysplasia (i.e., normal or Dejour grade A) may be successfully treated with isolated MPFL reconstruction. Otherwise, the resulting evaluation of the above associated factors serves to direct the appropriate combination of surgical interventions to address the specific anatomy of each individual patient (Fig. 10) .
MPFL Reconstruction
Repair vs. Reconstruction
While both MPFL repair and reconstruction have been described as viable treatment options, the current standard continues to trend towards reconstruction. This paradigm shift has occurred over the past 5-10 years due to a combination of studies reporting high repair failure rates and greater than 80% good to excellent results with reconstruction [55] [56] [57] [58] [59] . Recently, Dragoo and colleagues reported similar clinical outcomes at 2 years for MPFL reconstruction and patients undergoing repairs of single-sided, femoral or patellar, insertional tears [60] . While this may represent a subset of chronic patellar instability patients for whom ligament repair is a viable option, reconstruction remains the most widely accepted technique as further research on selective MPFL repair is warranted.
Femoral Placement and Fixation: "High and Tight" vs.
"Low and Loose"
Perhaps the most critical technical aspect of MPFL reconstruction is anatomic femoral graft placement. Restoration of the true femoral insertion maintains isometry of the graft which is essential to achieving favorable patella tracking throughout knee range of motion. Nonanatomic femoral insertion and the resulting graft anisometry have been associated with increased patellofemoral contact pressures in cadaveric studies as well as graft failure in reconstructions [61] [62] [63] .
Several methods exist for identifying the anatomic femoral insertion site intraoperatively based on radiographic measurements and palpation of osseous landmarks. The radiographic techniques described by Stephen et al. and Schöttle et al. are reproducible and represent the most commonly utilized methods.
Stephen's percentage is a method by which the anterior to posterior distance of the medial femoral condyle is measured and taken to be 100%. The anatomic insertion site is identified 40% from the posterior, 50% from the distal, and 60% from the anterior condylar margin (Fig. 3) [62, 64] . Caution must be taken in utilizing this method as obtaining accurate percentages while maintaining sterility may be problematic. Schöttle's point is our preferred method as studies have shown consistent placement of the femoral tunnel within 5 mm the femoral anatomic site of isometry [65] [66] [67] [68] . First and foremost, a true lateral radiograph of the knee with complete superimposition of the medial and lateral condyles is essential. Even minimal rotational or translational deviations can result in inaccuracies and ultimately anisometry (Fig. 4) [69] . According to Schöttle's method, the isometric point lies between the two intersections created by an extension of the posterior cortex and one perpendicular line crossing the posterior aspect of Blumensaat's line and another perpendicular line crossing the posterior condylar-cortical transition (Fig. 5) [65] . In pediatric MPFL femoral tunnel placement, the starting point is slightly distal to conventional methods to ensure that drilling is contained to the epiphysis. The safest trajectory is approximately 15°-20°both anterior and distal as this angle minimizes the risk of iatrogenic damage to the physis, intercondylar notch, and the distal femoral cartilage. There is an increased emphasis on the intraoperative anteroposterior view to facilitate obtaining the appropriate angles [70] .
Identifying osseous landmarks by palpation is a helpful method by which preliminary location of the femoral insertion site may be obtained. In our experience, this step routinely lessens the number of corrections required under radiographic guidance. The apex of the adductor tubercle is a consistent landmark and is located 10.6 mm proximal to the MPFL insertion [71] . The palpable depression between the adductor tubercle and the medial epicondyle is the location of the femoral insertion. Final guide pin position must be confirmed radiographically prior to drilling. Additionally, the trajectory of the pin is also evaluated in order to avoid violation of the posterior cortex. Anterior and proximal angulation of the guide pin prevents posterior cortical and intercondylar notch penetration, respectively. Once the desired pin location is achieved, graft isometry is assessed through a full range of motion. Following patellar fixation, the graft is passed between the second and third medial soft tissue layers in the traditional fashion and the two graft limbs are wrapped around the pin. The knee is then taken through a full range of motion, and the graft is closely analyzed for changes in length (Fig. 6) . Increased graft tension with flexion is indicative of proximal pin placement, i.e., "high and tight." Graft laxity during flexion represents distal placement, i.e., "low and loose." In either scenario, placement must be adjusted to achieve isometry and avoid complications of anterior knee pain and patellofemoral chondromalacia associated with graft tightness or recurrent instability due to graft laxity.
Although the aforementioned femoral insertion location methods are routinely used and overall MPFL reconstruction outcomes remain favorable, an in-depth assessment of preoperative imaging is critical to understanding individual patient anatomy. High rates of anatomic abnormalities are pervasive in the recurrent patellar instability population and they frequently alter osseous landmarks causing inaccuracies when using the above methods [69, 72] . Thus, multiple methods must be utilized in order to most accurately identify the anatomic femoral insertion site. Ultimately, graft isometry must be demonstrated through full knee range of motion to ensure satisfactory outcomes.
The actual method of femoral fixation is much less critical once the proper location has been achieved and several techniques have been described. Common techniques include interference screw, suture anchor, all suture, suture onto medial condyle or proximal third of MCL, and bone tunnel fixation. Currently, there is a lack of high level evidence to support one technique over another [73] [74] [75] . We prefer interference screw fixation with an osteoconductive, fast absorbing biocomposite implant.
Patellar Placement and Fixation
The patellar insertion of the MPFL is a broad attachment along the proximal half of the medial patella and the distal most vastus medialis obliquus (VMO). Graft placement onto this Fig. 4 If a radiographic technique is used to locate the femoral MPFL insertion, it is imperative to obtain a perfect lateral radiograph. a A perfect lateral radiograph is confirmed with complete overlap of the posterior femoral condyles (red solid line). b If the femur is slightly internally rotated, then two condyles contours are now visualized with the medial condyle (red dashed line) appearing posterior to the lateral condyle (blue dashed line). c With external femoral rotation, now the lateral condyle (blue dashed line) appears posterior to the medial condyle (red dashed line). Importantly, the location of where the guide pin contacts the femur (green arrow) appears to change substantially based on rotation of the femur even though these are actually all the same location location has been associated with reduced patellar instability and low complication rates [65, 76] . The onlay method secures the loop portion of the tendon graft to the insertion site with two suture anchors tied over the graft (Fig. 7) . Other fixation techniques have been described including transpatellar sutures, suspensory devices, and interference screw fixation, without clear data suggesting a greater benefit of any one method [74, [77] [78] [79] . Alternatively, patellar fixation may be achieved by passing the graft limbs through two transosseous tunnels exiting medially (Fig. 8) . A recent study reported a 3.6% fracture and 14.1% major complication rate using two 4.5 mm patellar tunnels [80] . Drilling smaller tunnels (< 4.5 mm in diameter) without convergence as well as avoiding transverse drilling will decrease the risk of such complications [6] . For those who choose to drill tunnels, we recommend drilling two provisional guide pins just off of the medial cartilage exiting anteriorly on the patella. This will allow confirmation of position and parallelism prior to final drilling. Once confirmed, the pins are overdrilled with a 3.5-mm drill to minimize the stress riser effect (Figs. 9 and 10 ). Mineral oil is used as needed to facilitate graft passage through the smaller tunnels.
Knee Flexion Angle for Fixation
Currently, there is a lack of consensus regarding the ideal knee flexion angle during MPFL fixation. Literature recommendations provide a wide range of descriptions which presents a challenge to surgeons seeking evidence based guidance [55, 61, [81] [82] [83] [84] [85] . Lorbach and colleagues conducted a cadaveric study in which MPFL femoral fixation at 60°of flexion achieved patellofemoral contact pressure most comparable to that of the intact knee [86] . In our cadaveric study, lower Fig. 6 Intraoperative pictures of a MPFL reconstruction demonstrating isometry testing following placement of the guidewire (asterisk). Once the graft (blue circle) is looped around the femoral guidewire, the knee is taken through a range of motion to ensure that graft tension does not change. In these images, the two tails of the graft (green arrow) can be seen prior to their insertion on the patellar. Note that the MPFL was combined with additional procedures and thus the larger incision Fig. 7 Intraoperative picture of a MPFL reconstruction using a suture anchor technique for patellar (asterisk) fixation. The gracilis autograft (green arrows) is laid over the top of the two suture anchors (blue arrows) which is then tied in place. The medial patellar cortical bone can be roughened up with a burr to encourage healing of the graft to the patella. Note that the MPFL was combined with additional procedures and thus the larger incision than would be required for only an MPFL reconstruction Fig. 8 Intraoperative picture of a MPFL reconstruction which shows how the graft (green arrow) is looped through short, oblique drill holes over (blue arrow) the top of the patella (asterisk). Note that the MPFL was combined with additional procedures and thus the larger incision than would be required for only an MPFL reconstruction flexion angles proved to minimize the deleterious effects of femoral insertion malpositioning [81] . Lower flexion angles appear to be safer, as higher angles could potentially amplify femoral tunnel location errors. Thus, we recommend graft fixation in 30°-45°of flexion and postfixation confirmation of graft isometry throughout knee range of motion.
Graft Length
Graft tensioning for MPFL reconstruction is somewhat counterintuitive to other soft tissue reconstructions in which the objective is to maximize tightening. The MPFL serves as a checkrein to lateral patellar displacement and is not under tension during normal patellofemoral alignment. The appropriate tension required to reestablish native biomechanics has been demonstrated as 2 N or 0.5 lbs. [62, 87] Interference screw fixation must be done with caution, as insertion often increases tension as the graft is advanced into the tunnel. We recommend visual inspection and palpation of the graft during insertion as well as turning the screw back one half turn following full insertion. This technique serves to alleviate excess tension and avoid the complications of anterior knee pain and patellar chondromalacia due to increased contact pressures. 
Graft Selection
There are many options for MPFL graft selection which include autograft and allograft. Although a double-tailed hamstring tendon graft is the most common configuration, there remains a paucity of evidence favoring one particular graft. Greater and more anatomic coverage of the native footprint is a potential benefit of utilizing a double-tailed graft [88] . Prior surgery, such as cruciate reconstruction wherein the hamstring tendons were harvested for the ipsilateral knee or to augment a contralateral reconstruction, must be noted preoperatively as this will limit autograft options. Skeletally immature patients may benefit from a medial quadriceps turndown, which functions as a local autograft with suture anchor fixation. This technique limits femoral bone tunneling in patients with open physes and is discussed in detail in a separate chapter.
Observations and Preferred Methods
When performing multiple procedures in combination with MPFL reconstruction, it is important to establish a clear order of operations. We recommend early semitendinosus graft harvest if autograft is chosen. This allows for simultaneous graft preparation during arthroscopy, provided that an assistant is available, and efficient use of tourniquet time. A thorough arthroscopic exam is essential to remove any loose bodies associated with patellofemoral chondral injuries and allows for precise chondroplasty as indicated. The TTO is performed next; however, fixation is deferred as the TTO provides excellent trochleoplasty exposure, if needed. Following the trochleoplasty, TTO fixation is completed restoring patellofemoral alignment and anatomic articulation. Patellar fixation of the graft is performed and the femoral guide pin is placed. Both the femoral insertion site and TTO screw fixation are verified radiographically and adjustments made as needed. Once location and isometry are confirmed, low tension femoral MPFL fixation is completed at lower flexion angles. Patellar tilt is evaluated and a LRL is performed as indicated. Common clinical pearls and pitfalls are summarized and must be considered for each MPFL reconstruction (Table 1) .
Conclusion
All recurrent lateral patellar instability is not created equal. Moreover, it is an umbrella term which encompasses various etiologies such as patella alta, increased TT-TG, trochlear dysplasia, lateral retinacular tightness, and malalignment. In patients who have failed conservative treatments, appropriate work up, diagnosis, and surgical management of concomitant factors in combination with MPFL reconstruction is essential to avoiding complications and poor clinical outcomes. Numerous viable techniques have been described for MPFL reconstruction. We emphasize anatomic femoral placement via palpable osseous and radiographic landmarks, location confirmation with graft length analysis through range of motion, 30°-45°knee flexion during fixation, and graft tensioning at 2 N. Additionally, preferred methods are offered based on clinical experience and unpublished data. The multifactorial nature of patellar instability and the complexity of MFPL reconstruction present challenges to surgeons treating this condition. The importance of attention to proper surgical technique, appreciation of associated nuances, as well as an awareness of potential pitfalls cannot be overstated. Despite the inherent challenges employing a consistent, stepwise algorithm for both the diagnosis and the surgical treatment of recurrent patellar instability will aid in mitigating avoidable complications.
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